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1 
This invention relates to the art of machining 
materials to predetermined sizes and shapes by 
the use of a toot after portions of the material 
about to be removed bave been heated to a tem- 
perature below the melting point by t, he use of a 
controlled source of heat. 
The invention relates more particularly to novel 
means for controlling the application of heat 
by utilizing the strain between the tool and the 
work during the cutting operation. 
This invention is a continuation-in-part of a 
former application filed February 8, 1949, Serial 
No. 75,158, now abandoned and a continuation- 
in-part of a second application filed May 10, 1949, 
Serial No. 92,326, now abandoned. 
When portions of a material such as metal 
about to be removed from the parent body are 
heated to a desired temperature the shear 
strength of the metal is reduced and the cut- 
ting proceeds with great facflity. The retapera- 
bure will vary with different metals and as the 
tool becomes more dull more heat must be ap- 
plied. The use of thermometers and other tem- 
perature responsive instruments is completely 
unsatisfactory since they measure only the tem- 
perature af the surface. Moreover, reduction 
in shear resistance to the tool is the important 
consideration so that even if the surface tem- 
peratures could be accurately measured, and were 
known, they would stfll not consistently and 
accurately reflect shear resistance of the metal 
to the tool, because of variable factors, such as 
tool condition, deptl] of heating, etc. 
It has been discovered that the degree of re- 
duction in shear resistance in the material is 
accurately refiected in the strain on the cutting 
tool so in one embodiment of the invention a 
strain gauge is affixed to the tool which meas- 
ures its bending strains. Heat is aPplied to the 
woïk and the cutting operation commences. 
When the shear resistance is reduced below a 
desired optimum value, a control unit connect,ed 
with the strain gauge reduces the amount of 
applied heat and the cutting continues until the 
strain gauge indicates a shear resistance above 
the desii'ed optimum value at which rime the 
amount of applied heat is increased. In this 
manner the amount of applied heat is regulated 
directly by the bending strains on the tool. The 
variation of the applied heat may be accom- 
plished by a number of controlling structures, 
several of which will be described in detail here- 
inafter. 
The application of heat to the work fo be 
machined may be ruade by any of the well known 
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heating methods. It has been found that heat- 
ing the work by means of a high frequency in- 
duction coil is a convenient method which per- 
toits of accurate control. Also, heat may be 
5 applied by the use of one or more torches and 
the variation of heat controlled by varying the 
distance between the work and the torch assem- 
bly or by varying the amount of combustible gas 
fed to the torches. 
10 In either of the above arrangements the heat- 
ing of the material is accurately and automati- 
caily controlled. The control system prevents 
overheating of the material at the base of the 
cut which is highly undesirable for a number 
15 of reasons including the fact that it sets up 
metallurgicat changes in those portions of the 
work which remain in the finished product. The 
control system also prevents underheating which 
deprives the hot machining process of ail its 
20 advantages. 
Finally the strain control system accomplishes 
a result which can be accomplished in no other 
manner and eliminates completely the guesswork 
which bas characterized all hot machining pro- 
P5 cesses in the past. 
In the drawings: 
Fig. 1 is a broken top plan view of a lathe 
showing an application of the present invention. 
Fig. 2 is a broken section taken along line 2--2 
30 of Fig. 1. 
Fig. 3 is an end elevation of a helical heating 
coil which surrounds the work. 
Fig. 4 is a side elevation of the helical cofl of 
Fig. 3. 
35 Fig. 5 is a diagram of connections, some of 
which are shown in btock form oî a circuit by 
which a strain gauge may control the position 
of a heat applicator. 
Fig. 6 is a diagram of connections showing how 
4O a hydraulic strain gauge may be used fo control 
the position of a heat applicator. 
Fig. 7 is a diagram of connections to be used in 
conjunction with Fig. 5 and illustrates a method 
of controlling the power input fo a high fre- 
t5 quency induction coil by the use of a strain 
gauge. This control method employs no moving 
mechanical components. 
Fig. 8 is a side view, parts of which are in cross 
section, and shows a lathe using a system of 
50 torches as a heating applicator, the application 
distance oï which is controlled by a strain gauge. 
Fig. 9 is a schematic view, partly in section' 
showing how a hydraulic strain gauge may be 
used fo vary the amount oî high frequency power 
55 derived from an output cofl. 
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Fig. 10 is a side view, partly in section, show- 
ing how a hydraulic strain gauge may be used 
fo control the amount of gas flowing through a 
conduit. 
Fig. 11 is a schematic diagram of connections, 
parts of which are indicated by blocks, of a 
method of controlling the amount of heat ap- 
plied fo a metal part by using the electrical power 
input to the driving motor as a means of con- 
trol. 
Fig. 12 is a schematic diagram of connections 
of a control system whereby the strain gauge 
controls the direct current in the field coils of 
a high frequency generator. 
Fig. 13 is another diagram of connections show- 
ing how a strain gauge may be used to run a 
motor fo control the arm of a rheostat In the 
field circuit of an alternating current generator. 
Fig. 14 is another diagram of connections show- 
ing. how a strain gauge may be used to control 
the applied heat delivered fo a piece of metal to 
be machined by the use of a sensitive galvanome- 
ter and two photoelectric cells. 
Fig. 15 shows an application of the present in- 
vention as applied fo a milling cutter wherein a 
strain gauge is aiïixed fo the work. 
Fig. 16 shows an application of the present in- 
vention as applied fo a boring operation. 
In Figs. 1 and 2 there is shown a lahe includ- 
ing a bed 0 and a carriage   which is arranged 
fo be moved longitudina!ly of the bed by a lead 
screw (hot shown). A hand wheel 2 on shaft 3 
is provided for moving a tool support 4 toward 
and away from the work. The tool support car- 
ries a tool post  5 in which the tool  6 is mounted 
and secured by a set screw 20. 
The work or cylindrical blank is shown af 2 
and is supported af one end by a headstock as- 
sembly 22 which carries a face plate 23 and dog 
24. At its opposite end the work is supported 
by.a raff stock assembly 25 provided vith a hand 
wheel 26. All of the foregoing is conventional. 
Back of the work and partly enclosing some of 
ifs surface is mounted an induction heating coil 
30 supported by terminal rods 3. This coil is 
initially formed as a fiat spiral and therï bent to 
a shape which wfll more eflïciéntly induce cur- 
rents in the work. The arc of the coil Sh0uld 
extend over substantially 180 ° and should be the 
arc of a circle having a diameter slightly larger 
than the diameter of the work.. The coil is 
mounted on a slide 32 mounted for reciprocating 
movement on the carriage . A lead screw 33 
journalled on the carriage is driven by a revers- 
ible motor 34 (shown in more detail in Figs. 5 
and 6), the thread of the screw being engaged 
by a finger 35 on the slide. This is one. con- 
renient means of moving the coil toward and 
avay from the work. In some instances the ar- 
cuate coil may be replaced with a more conven- 
tional .type of coil of he]ical shape shown in 
Figs. 3 and 4, which is disposed concentrically of 
the work. 
Upon the upper surface of the tool 6 a strain 
gauge 36 is mounted, and is inclldd ir. an elec- 
tric circuit which controls the _position of the 
coil with reference fo the vork. On_e method 
of control is shown in detafl in Fig. 5 and. is illus- 
trated in block form in Figs. 1 and 2. It includes 
a .control circuit 40, a preheat switch 42 and t.e 
reversible motor 34. In this form of variable dis- 
tance control the high frequency Power is kept 
at a constant full load value generate! by any 
of the well known gener_ators 4 ' and connected 
to the coil 30 by flexible leads 3. 

The type of coil illustrated in Figs. 3 and 4 
may also be used with this control arrangement. 
In Fig. 3 the work 2 is shown concentric with 
the coil turns af which position it receives the 
5 minimum amount of app]ied heat. When the 
strain gauge indicates that a higher temperature 
should be provided the coi1 base 32 is moved to- 
ward the work as indicated by the relative posi- 
tion of the coil and the work shown in dotted 
10 liDes. This applies an excess of heat to the Por- 
tion of the work nearest the coil but since the 
work is rev01ving rapidly, the heat is evenly dis- 
tributed. 
Referring now to Fig. 5 vhich shows the con- 
i5 trot circuit 40 in greater detail, the strain gauge 
35 is connected in one arm of a conventional 
Wheatstone bridge arrangement vhich includes 
fixed resistor 46 and an adjustable resistor 46. 
A battery 4] supplies direct current to the bridge 
20 and a direct current amplifier 43 of conventional 
design receives the unbalance voltage as an in- 
put and deliers an amplified current to ai] 
armature 49 of the reversible motor 34. A power 
supply 50 and an output meter 6 complete the 
ri5 amplifier circuit. The reversible motor 34 is sup- 
plied with a direct current supp]Y 62 for the flelds, 
the value of which is not changed by the con- 
trol circuit 40. 
A source of atetnating current rnay be sub- 
0 stituted for the battery 4 and an alternating 
current amplifier may be substituted for the di- 
rect current amplifie r 43 provided a rectifier cir- 
cuit 5] (see Fig. 11) and a direct current balanc- 
ing circuit 64 be included in the amplifier output. 
5 The operation of the above described structures 
is as follows: A short ime before the cutting op- 
eration is to start the high frequency power is 
turned on with prëheat switch 42 open. Since 
there is no load on the tool the strain gauge wfll 
40 indicate zero strain and the bridge 40 wfll be 
unbalanced. The amount of unbalance wfll be 
indicated on the output meter 6 and produce a 
measurable check on the apparatus to how if it 
is. working properly. Af this rime, the adjustable 
45 resistor 46 may be set to determine the desired 
depth of cut in conjunction with the desired op- 
erating ternperature. Next, the tool is advancC 
to the work and the cutting operati0n trted. 
This purs a Strain or the tool which iS at once 
50 shown on the meter. The depth of cut rnay be 
adjustèd by this observation. To start the au- 
tomatic control, the witch 42 is cloed and there- 
ater the amount of hëat applied to the work is 
controlled by ttïe circuit. If the temperature is 
55 too low thë strain gauge resistance will increase 
and unba]ance the bridge, thereby applying an 
amPlifled current fo the armature of motor 34 
which bas been adjusted to more the coil 30 to- 
ward the work and increase the temperatUre to 
60 the desirêd value. 
If the temperature of the work is too high, the 
strain gàuge will be lowered in resistance, again 
unbalancing the bridge but this rime in the op- 
p0sitè direction and producing an unbalance 
65 voltagé Of oppositely polarity. The mot0r 34 will 
then rèceive a reverse current and turn in the 
oppo$ite diection to move the coil away from 
the work. 
The contr01 unit illustrated in Fig. 6 makes 
70 use of a different fom of strain gauge. If 
comprises a heavy base section 6 and a thinner 
top plate 6. The two components are sealed 
where they join, forming a fiat disk-like cavity 
bëtweén the plates which is filled With a liquid. 
7G A flexible tube 6, also filled With a liquid, is 



kttached- to the bottom section"and terminates 
in a pressure measuring element wtiïct-may ' be 
 bellows 58 asshown in Fig. 6 or a Bourdon 
gauge as sh0wn in Figs. 9 and io. 
At the centralportion of thetop platê-50 a 
contact button 00.acts as a partial supportfor 
the cutting tool 8. An increase in'the-hearing 
load-onthe tool forces the toot d0wn-slihtly, 
flexes the top plate section58 and:fordes 9ome of 
the enclosed liquid out throuh the tube to oper- 
are the aue element 58. 
 The control means shown in:Fig. 6 includes 
arockin contact member 8| operated'by a rod 
62 attached tothé movable end of bellow : 8.  A 
contact point G3' moves throúh-an :ïrc fo make 
nagement with a series of spring mounted con- 
tac points 4 and 85. The sprins which sup- 
port  the contact points are anchored fo a mov- 
ablerocker plate 86, the position of , which is 
ïnade adjustable by a. worm gêar :6» turned-by 
a knurled hand wheel 88. Between. each pair 
of the riht hand sprins  and .the left hand 
sprins G a resistor 8 is connected. The end 
prins of both series are connected to a battery 
  and the conter point of the báttery is conneot- 
ed to one brush of the armature  which is 
part of the reversible motor-.3. The other brush 
is connected to the contact member . 
The. operation of this control device is as fol- 
Iows: With switch 2 openthe high frequency 
induction coil is set r/eut the work and the power 
turned on..After a short preheating cycle the 
tool is advanced to its cutting positionand pre- 
Hminary adjustments of Cuttin speed, depth of 
cut, and amount of heat applied  are ruade by 
hand. Then wheel 5 is turned until the contact 
6 is in the central position- as indicated by the 
drawin, makin contact with none of the con- 
tact springs. Next, the switch 2 is closed and 
the automatic control 0perates to adjust the 
coil position 8 fo assure a constant strain ch 
 the cùttin t0ol  8. 
If the temperature is too lowthe strain cauzes 
a further depression of the liquid in the hydrau- 
iic strain auge 55, 58 and by.means of the bel- 
lows 58 moves the contact-8 into engagement 
with the adjacent contact 6. Thiscompletes a 
circuit from the right hand portion of battery 
-|, through both right hand resistors , through 
the touching contacts to arm 8f, over a' con- 
ductor to one of the brushes in the reversible 
'motor . From the otlier brush the circuit 
leads through the switch 2 to the center pint 
.of the battery ?f. Iïthe temperature of-the 
work is so low that a large increase of app!ied 
heat is necessary, the arm 8f will be rocked-to 
the right until two or three of the contact points 
6 are touching. This action sends current 
through the motor armature as belote but since 
one or more resistors have been short circuited 
:the current is higher and the automatlc contro! 
action is faster. 
The circuit shownin Fig.  illustrates a method 
of controlling the power input fo a high frequency 
heating coil without ,the .usé of. mechEnical=mo- 
tion. The electrical strain gauge 36, bridge 
,ê, D. C. amplifier -8 are the same as described 
in Fig. 5. The output of the amplifier.is,applied 
fo the terminals of a variable:resistor ? inthe 
control electrode circuit of a.triode electron, dis- 
charge .device ]8 which in this arrangement 
generates the high frequency power-ïor the 
"duction heating-element. Thëgenerating CirCuit 
maY bë any 0f thewellk,new n osctllkting,:cirçui.ts, 
'the only requiremen bing.,that  valation,of 

thë pOtential :of.thê :control electrode Varies! the 
output pOWer. Such an arrangement, is èsY:to 
assemble and adjust, the scheme-of,'cÓmetions 
sliown in Fig. ï bein one of the simplest circuits. 
5 The operation is as follows: , After pi'eliminary 
'adjustments bave been. marie and-the pro-boat 
switch closed, a-decrease in the work temperature 
will . cause greater strain,.on the tool and, 
Sequent ampiified unbalance:-current applied  to 
10 the resistor W. " This inCreases the potentialof 
the C0ntrol eleCtrode (makes. if. more positive) 
and the- generator, delivers more.power.to-.the 
induction c0il, tranSferred by means, of anin- 
'ductor  ?. If the tèmperature is:too' high.:the 
15 'Urrent :applied fo resistor 75 causes thecontrol 
êlectrode to bêcomemorê negative and.' the-PoWer 
output.of the genèrator is reduced. -SUch a!sys- 
tem obviously does notrequire a coi.1 moUnt W-ith 
 móvable base. 
0  Thearrangement shown in Fig. 8 is siinflar:to 
thesystem shown in Figs. 1 and 2 except tiat 
the"heating unit is composed, of one.'or more 
torches58. The torch units are mounted ,in an 
arcuate position ar0und the'- axis of the work 
25 piece 2f and'are supplied with the..usuat.c0m- 
bustible materials by means of a fiexible hose 
8| joinedto a supply tank 82. The mëthod:of 
c0ntrol for the torcharrangement is substantially 
the saine as that described in Connection'-with 
30 Figs. 1' and2 and cOmprises the usual train 
gauge 38,:an amplifier 4@, and reversible moto8. 
"Some installations use a-strain-gauge 
mounted'on the tool post as indicated in Figï 8. 
This arrangement is more c0nvenient as ït per- 
35 mitsremoval oï the ool for'sharpeningwith0ut 
disturbing the strain gauge 'or its.electrical COn- 
nections. The change in conductivity is less. f0r 
tolp0st installations but this condition  is':réCti- 
fled by increasingthe-gain of amplifier 
40 provide the desired oùtput control power.. 
Fig. 9 illùstrates an alternate method of con- 
tro-lling the amount of heat applied to the Work 
by using a hydraulic strain gauge5,"8 to cóntrol 
the position of a Bourdontube 83. The'm0vable 
45 end of the tube is attached fo a link 8 which, 
in turn; is attached fo an arm8 which' issecured 
fo ashaft 88 attached fo a rotatable inductance 
coil 8] which revolves inside a stationary coit88, 
the combination comprising an .air coredtrans - 
50 former. If the output of the high frequencyen- 
erator is connected to either 0ne of the coilsand 
theheathg coil 3{} connected'to the other ofl, 
a workable control is effected which varies:the 
tieat applied to the Work in the, same automtic 
55 fashion as the 0ther déscribedmêthod. :An 
creuseof strain on the tool increases the pressure 
within the hydraulic strain gauge 55' and 55 
thereby causing the Bourdon tube8 fo expand 
and move the link 84 to the left. This ation 
60 r0tates the movable cofl 8]in a clockwise direc- 
tion, incrèases the coupling-bétwéen the' coils 
and delivers more power to :he work Coiï-88, 
which applies more heat and,reduces the cutting 
'ahear strength to a W0kableva:lue. 
65 " Thë arangement shown, in Fig..10 is used with 
tm'ch which l]ses liquid or ga s as fuel..A hy- 
dráUliCStrain gaUge 5, 55, a tube 5, and a:Bour- 
don tùbe is conneCted to a link 9@ and aleVer 
Sf which is pivoted to an extension92 on the 
70 pipeor conduit 9 inwhich c0mbustiblegas or 
liquid is fiowing. A needle' $4 is  connected to 
the lever 9f and is"operatedby it. The uPper 
p0inted portion of the needle is diected toward 
orifice:' 95 and depending 'upon the'reIaive :posi- 
:ïS."ti0n  Of thê Orifice and ueedte -p0int thë:asOr 
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ïiquid fiow in thè conduit is regulated. Such a 
control valve may be placed in the conduits which 
carry the oxygen and the acetylene. In either 
case a variation of the tool strain causes a varia- 
tion of the comb ustible gas fiowing to the torch. 
The arrangement shown in Fig. 11 is somewhat 
different from the other described arrangements 
in that no strain gauge on or under the cutting 
tool is used. In this case the amount of current 
fiowing to a motor 55 which runs a machine tool 
57 is a measure oî the cutting strains involved. 
ihe input current to the motor is measured by 
inserting a small resistor 98 in the A. C. line. 
The value of this resistor need not be over /2 ohm. 
An A. C. amplifier {}} amplifies the voltage across 
the resistor and applies it to a rectifier 53, the 
output oï which is direct current and may be 
connected directly to any one of the control de- 
vices herein listed and described. In ortier to 
provide a null point or a condition of zero cur- 
rent when the heat applied to the work is the 
right amount, an auxiliary balancing circuit 
is used. This circuit introduces a potential which 
is equal and opposite to the output of the recti- 
fier under ideal cutting conditions. Then an 
crease or decrease in the load current will auto- 
matically cause the control trait }! to vary the 
amount of applied heat from a generator }2 to 
restore the desired cutting conditions. Such a 
device may be used on a mflling machine or any 
other machine tool which uses a revolving cutter. 
It may also be used on a shaper or any other 
machine tool using a power drive to cut material. 
The arrangement shown in Fig. 12 uses stfll 
another system. It can be applied fo those 
stallations which use high frequency heating but 
employ a generator having a D. C. field and a 
rotating armature. The system includes the 
usual electrical strain gauge 35 on the tool, an 
A. C. bridge 40, an A. C. amplifier 48 and a recti- 
fier and current regulator !03. The rectifier com- 
portent of !03 is the saine as the rectifier shown 
in Fig. 11 or any other suitable device for chang- 
ing alternating to direct current. The current 
regulator is simflar to one of the regulator de- 
vices illustrated and described in Radio Engineers 
Handbook by F. E. Terman, published by 
McGraw-Hfll Book Co., 1943, pages 614 to 617. 
The current which flows ïrom battery 
through the field coils !05 of the generator 
is regulated by the variable resistance device 
the output circuit oï regulator !03. The Wheat- 
stone bridge 49 in this arrangement must be 
permanently unbalanced so that there is always 
an unbalance voltage applied to the amplifier 
48 and always an output ïrom the amplifier to 
the rectifier and regulator. 
In the operation oï this arrangement, the 
strain gauge may sense an increase of shear 
strength in the work and increase its resistance. 
This will throw the bridge further out of bal- 
ance and produce a larger unbalance voltage at 
the bridge terminals and also at the terminals 
oï the amplifier 48. When rectified and applied 
to the control electrodes of a regulator tube 
more current will flow ïrom the battery 
through the field coils !05 and an increased 
amount of high frequency power will bi applied 
to the work. 
The arrangement shown in Fig. 13 is similar 
to the previously described system except that 
a reversible motor 34 is employed to change a 
rheostat 07 in series with a source of direct po- 
tential and the generator flelds }§. The struc- 
ture and electrical connections which include 

8 
the strain gauge 35, bridge 48, amplifier 48, and 
reversible motor are the same as illustrated and 
described in connection with Figs. 1 and 2. The 
motor shaft 33 includes a worm gear which drives 
5 i gear }8 secured to a plate which has 
tached to its periphery a spring-pressed con- 
tact finger }9. The finger }9 makes contact 
with a p!urality of studs 0 which are sequen- 
tially joined by low value, high current carrying 
10 resistors  $. 
The operation of the device shown in Fig. 
S is easily understood because itis a combina- 
tion of the arrangements shown in Fig. 5 and 
Fig. 12. The strain gauge detects and trans- 
15 mits the variations of shear strength met by 
the cutting tool and these variations are trans- 
lated into movements of the contact finger over 
the rheostat studs. The variation in resistance 
changes the current in the field current to pro- 
20 duce a larger or smaller high frequency cur- 
rent in the heating coil. 
The arrangement shown in Fig. 14 involves 
no amplifier between the bridge and the con- 
trol mechanism. The same strain gauge 
25 and bridge 4{} are used but the output of the 
bridge is applied directly to a galvanometer 
or other sensitive meter with a mirror 3. A 
source of light 4 produces a beam which is 
focussed on the mirror by a lens 5 and the 
30 reflected beam is directed toward the junction 
point of two plain stationary mirrors 2 and 
22. The rays of light reflected by these mir- 
tors travel to two photoelectric cells 23 and 
24. The cells are electrically connected to dif- 
5 ferential amplifier 25 and fo a control circuit 
(not shown). 
The operation is as follows: When the 
bridge is unbalanced, the unbalance voltage ap- 
plied to the galvanometer  turns the mirror 
40 !3 away from its zero position and reflects a 
greater amount of light into one photocell than 
into the other. The differential amplifier (push- 
pull) produces a control current which may be 
applied to any of the above mentioned control 
d«5 devices to change the amount of heat applied 
fo work in a lathe or other machine tool. 
It will be evident from the foregoing descrip- 
tion that the strain between the tool and the 
work may be successfu]ly used in the automatic 
50 control of applied heat during the hot machin- 
ing of material. 
In the arrangement shown in Fig. 15 a mill- 
ing machine is employed and the strain is meas- 
ured by a strain gauge affixed other to the work 
55 handleï or to the work. The milling machine 
illustrated includes a base 30 upon which is 
mounted a table 3 for sliding longitudinal 
movement. A drive shaft !32 rotates a lead 
screw 33 for the purpose of imparting move- 
60 ment to the table. The work 34 may comprise 
a shaft in which a plurality of longitudinal 
grooves or keyways 35 are to be machined. 
The work is supported at one end thereof in a 
rail stock assembly 5. At the other end a 
65 driving head 37 is clamped to the work by 
clamping elements 38 and 3. A tool post 
40 supports a shaft 4 to which is keyed a 
milling wheel 
A strain gauge 43 is mounted on one clamp 
70 38, a second strain gauge 44 is mounted on 
the work and a third strain gauge 45 is mounted 
on the tool post. These strain gauges are 
connected by wires with a switch 45 having 
suitable means or connecting any one of such 
75 strain gauges with the amplifier 0 which ls 
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connected with a reversible motor 147 which is 
arranged-to oPerate a valve 148 similar fo that 
shown.in Fig. 10. This valve controls the oxy- 
gen and gas passing through conduits 8. 
is a torch .used for heating, the work which is 
suitably mounted in advance of the milling 
cutter. 
Ir a given installation if will hot be necessary 
fo use three strain gauges but more. than one 
may be mounted at suitable locations on the 
work or the work handler and a selected one 
used. It. will also be appreciated that a strain 
gauge.may be placed at.any other suitable posi- 
tion on .the.work handler .or the work and the 
degree of strain suitably amplified fo secure the 
desired results. The use of a strain gauge on 
thework as distiniuished from the work handler 
may also be used in connection with any of the 
induction heatini, arrangements earlier de- 
scribed. 
In Fig. 16 a boring machine is shown, thema- 
chine including a .bed 3 havini a table 
which supports the work I by a holding fix- 
ture 6.. The borini tool 7 is mounted on a 
spindle 58 journalled in a bearing  and is 
arranged tobe driven by a motor 16[}. A taiI 
stock shaft 16! for supporting the tool is rigidly 
supported in a rail stock 162. In this instance, 
heat is applied by an induction coil |63 whose 
outer periphery is closely spaced from the inner 
wall of:the bore. The terminals 16of the in- 
duction coil are spaced sufficiently from the rail 
stock shaft to induce only a minimum amoun 
of heat therein. Also, for the purpose of cool- 
ing the rail stock shaft, there may be provided 
channels 16 which receive a fluid coolant fed 
thereto through conduits 
In this instance, a strain gauge Il[} is mounted 
on the work, a second strain gauge !  ! is mounted 
on theholding fixture and a third strain gauge 
12-is mounted on the bearing 19 for the tool 
spindle. AI1 three of these strain gauges are 
connected with a switch 73 arranged to con- 
nect any one of the strain gauges with the ampli- 
fier [} which is employedto control the applica- 
tion of heat in any of the ways previously de- 
scribed. Here again the location of the strain 
gauge is suggestive only and only one gauge may 
be used af any one rime. 
The expression "applied heur" as used in the 
appended claires is deemed-fo include instances 
wherein there is an actual application of heat 
to the material flore an outside heating soin'ce 
such as a torch as vell.. as instances wherein 
heat is induced in the material by e!ectrical 
means such as a high frequency induction sys- 
rem or by eleetrical resistance means. 
While there bave been described severaI foïms 
of the invention if is understood that any com- 
binations of the above described arrangements 
corne within the scope, of the invention which 
should be limited only by the appended claims. 
What I claire is:: 
1. In the art.of hot machining of materials to 
predetermined shapes on a work handler pro 
vided with a power drive, by reducing the shear 
strength of the material through heating and 
then. removing portions of the materialso, heated 
by the use of a cutting tool, the method which 
consists of effecting an increase of applied heat 
fo the material, when the strain imposed on 
least one of said elements increases, as indicated 
by a strain controlled regulator which is actuated 
by the strain imposed between the tooI and the 
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material, and effecting.a decrease of applied heat 
tothe material when such strain decreases. 
2. In the art of machining materials to pre- 
determined shapes by reducing the shear strength 
5 of the material through heating by the use of 
controlIed applied heat which heats portions of 
the material, and then removing portions of the 
material so heated by the use of a cutting tool, 
the method which consists of effecting an in- 
!0 creuse of applied heat to the materiaI when the 
strain imposed on at Ieas one of said elements 
increases the shear resistance oî the material, 
as'indicated by a strain gauge on af least one 
of said elements which is actuated by the strain 
5 imposed between the tool and the material, and 
effecting a decrease of appIied heat fo the ma 
terial when the strain gauge indicates a de- 
creuse in shear resistance. 
3. In .the art of machining, maeriaIs fo pre- 
o0 determined shapes by reducing the shear 
strength of the materiaI through heating.by the 
use of.controlIed appied heat which heats por- 
tions of the work and then removing portions 
of the work so heated by the use of a cutting 
5 tool, the method which consiss of applying a 
strain gauge fo the cutting tool to provide an 
indication of the strain imposed thereon, reduc- 
ing the distance between a source of applied 
heat and the work when the strain gauge in- 
3 dicates an increase in shear resistance, and in- 
creasing the distance between the source of ap- 
pIied heat and the work when the strain gauge 
,:ndicates a decrease in shear resistance. 
4. In the art of machining materiaIs fo pre- 
.ï5 determined shapes by reducing the shear 
strength of the material through heating by 
the use of a high ïrequency induction coil which 
surrounds the work and heats portions about to 
be removed by a cutting tooI, means for con- 
40 troIling the appIication of heat comprising a 
control circuit which incIudes a strain gauge 
mounted on the tool and a reversibIe motor, 
operation of çhe motor being controlIed by the 
influence oï tIe strain gauge on the circuit, 
-15 and mechanical .means for moving the induc- 
tion coil further from the work to a position 
where the applied heat is decreased. 
5. In the art of machining materials fo pre 
determined shapes by reducing the shear 
50 strength of the material through heating by the 
use of. a high frequency induction coil which 
heats portions of the work about fo be removed 
by a cutting tool, means for conroling the ap 
plication of hea comprising a strain, gauge 
,5 mounted on the cutting tool, a Wheatstone bridge 
for determining çhe variations in resistance of 
the strain gauge, an amplifier for receiving the 
unbaIance voItage frorn the bridge and trans- 
mitting power currents fo a reversible motor, and 
0 mechanical adjusting means operated by the 
reversible rnotor for moving he induction coil 
closer fo the work when the strain gauge indi- 
cates .an increase of shearing resistance and 
farther from the work when the strain gauge 
ç,5 indicates a reduction of hearing resistance. 
6. In the art of machining materials fo pre- 
deterrnined shapes by reducing the shear 
trength of the material through heating by thè 
use of an adjustabIe heat applcator which heats 
70 seIected por.ons of the vork to be removed by 
a cutting tool, means for controlIing the ap- 
I-licaion of Ieat comprising a srain gauge 
raounted on the tooI assembly, circuit responsive 
means connected fo the strain gauge for deliver- 
75 ing.a positive voItage.to a reverible motor when 
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the tool assembly is strained less than a pre- 
determined value, and for delivering a negative 
voltage to the reversible motor when the tool as- 
sembly is strained more than the predetermined 
value. 
7. In the art of machining materials to pre- 
determined shapes by reducing the shear 
strength of the material through heating by 
the use of an adjustable heat applicator which 
heats selected portions of the work tobe re- 
moved by a cutting tool, means for controlling 
the application of heat comprising a hydraulic 
strain gauge mounted under a portion of the 
cutting tool, a pressure responsive indicating 
device for transmitting variations in tool strain 
into linear mechanical motion, a plurality of 
electrical contact members operated by the pres- 
sure responsive indicating device, a series of 
sistance elements connected between the contact 
members, and circuit means including a bat- 
tory and a reversible motor in series with the 
contact members for positioning the adjustable 
heat applicator in accordance with the variations 
in tool strain. 
8. In the art of machining materials to pre- 
determined shapes by reducing the shear strength 
of the material through heating by the use of an 
induction heating coil which heats selected por- 
tions of the work tobe removed by a cutting 
tool, means for controlling the power delivered 
to the induction coil for controlling the applica- 
tion of heat compris.ing an electric strain gauge 
mounted on the tool assembly, an alternating 
current generator having a rotating armature 
and a field supplied by direct current power. 
electric responsive means for transmitting strain 
variations from the strain gauge to a regulator 
circuit in series with the generator fleld sup- 
ply for varying the power output of the generator, 
and circuit means ïor transmitting the generator 
power to the induction coil. 
9. In the art of machining materials to pre- 
determined shapes by reducing the shear 
strength of the material through heating by the 
use of an induction heating coi] which heats 
selected portions of the work tobe removed by 
a cutting tool, means for controlling the power 
delivered to the induction cofl for controlling the 
application of heat comprising an electric strain 
gauge mounted on the tool assembly, an alter- 
nating current generator having a field supplied 
by direct current power, electric responsive 
means for transmitting strain variations from 
the strain gauge to a reversible motor coupled 
to a variable resistor in the generator field sup- 
ply circuit ïor varying the power output of the 
generator, and circuit means for transmitting 
the generator power to the induction coil. 
10. In the art of machining materiaIs fo pre- 
determined shapes by reducing the shear strength 
of the material through heating by the use of 
controlled applied heat which heats portions of 
the work and thon removing portions of the work 
so heated by the use of a tool, the method which 
consists in controlling the application of heat 
by changing the distance between an induction 
heating coil and the work, measuring the strain 
between the cutting tool and the work by means 
of a strain gauge mounted on the cutting tool, 
decreasing such distance as the strain increa,-es 
and increasing it as the strain decreases. 
11. In the art of machining materials to pre- 
determined shapes by reducing the shear strength 
of the material through heating by the use oï 
controlled applied heat which heats portions of 

the material and thon removing portions of the 
material so heated by the use of a cutting tool, 
the method which consists of applying a strain 
gauge te af least one of such elements te provide 
5 an indication of the strain imposed thereon, 
effecting an increase of applied heat to the ma- 
terial when the strain gauge indicates an increase 
in shear resistance, and effecting a decrease of 
applied heat te the material when the strain 
10 gauge indicates a decrease in shear resistance of 
the material. 
12. In the art of machining materials te pre- 
determined shapes on a work handler provided 
with a power drive, by reducing the shear 
15 strength of the material through heating by the 
use of controlled applied heat which heats por- 
tions of the material and thon removing portions 
of the material se heated by the use of a cutting 
tool, the method which consists of using a strain 
20 gauge on the material to provide an indication of 
the strain imposed between the tool and the ma- 
terial, effecting an increase oî applied heat te the 
material when such strain increases, and effect- 
ing a decrease of applied heat to the material 
25 when such strain decreases. 
13. In the art of machining materials te pre- 
determined shapes on a work handler provided 
with a power drive by reducing a shear strength 
of the material through heating by the use of 
30 controlled applied heat which heats portions of 
the materiai and thon removing portions of the 
material so heated by the use of a cutting tool, 
the method which consists of using the strain 
imposed on the power drive te control the input 
5 of the heat te the material, effecting an increase 
of applied heat to the material when such strain 
increases, and effecting a decrease of applied heat 
te the material when such strain decreases. 
14. In the art of machininE moral to prede- 
,,_', termined shapes by reducing the shear strength 
of the moral through heating by the use of an 
induction heating coil which heats selected por- 
tions of the work fo be removed by an edged cut- 
ring tool, means for controlling the power de- 
45 livered to the induction coil for controlling the 
application of heat comprising an electric strain 
gauge mounted on the tool assembly, an alternat- 
ing current generator having a field supplied by 
direct current power, e!ectric responsive mean5 
50 for transmitting strain variations from the strain 
gauge fo a regulator circuit in series with the 
generator fleld supply to increase the field cur-. 
rent when the strain gauge increases its resist- 
ance and fo decrease the field current when the 
55 strain gauge decreases ifs resistance, and circuit 
means for transmitting the generator power to 
th induction coil. 
15. In the art of machining materials fo pre- 
determined shapes by reducing the shear strength 
60 of the material through heating by the use of a 
high frequency induction coil which heats por- 
tions of the material about fo be removed by 
a cutting tool, means for contro]ling the appli- 
cation of heat comprising a strain gauge mourir- 
65 ed on the tool, a lead screw arranged, upon ro- 
tation, fo more the coil towards and away h'om 
the material, a reversible motor for rotating the 
lead screw, a, circuit including the strain gauge 
and the motor, operation of the motor being con- 
70 trolled by the influence of the strain gauge on 
the circuit and being arranged fo more the coil 
closer fo the work when the shear strength of 
the material increases and further from the work 
as such strength decreases. 
75 16. In the art of machining materials fo pro- 
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determined shapes by reducing the shear strength 
of the material through heating by the use of 
controlled applied heat which heats portions of 
the material and then removing portions of the 
material so heated by a work handler provided 
with a cutting tool, means for controlling the ap- 
plication of heat comprising a strain gauge 
flxed to the material, a reversible motor con- 
nected with the source of heat, a circuit includ- 
ing the strain gauge and the motor, whereby 
more heat is applied to the material as the shear 
strength thereof increases and less heat is ap- 
plied as the shear strength decreases. 
17. The means deflned in claire 16 but wherein 
the strain gauge is affixed fo the work handler 
instead of the material. 
18. In the art of machining materials to 
predetermined shapes by reducing the shear 
strength of the material through heating by the 
use of controlled applied heat which heats por- 
tions of the material and then removing por- 
tions of the material so heated by a work ban- 
dler provided with a cutting tool, means for con- 
trolling the application of heat comprising a 
strain gauge affLxed t0 the material, a circuit in- 
cluding the source of heat and the strain gauge, 
and a clrcuit breaker arranged to close the cir- 
cuit as the shear strength of the material in- 
creases and open the clrcult as such shear 
strength decreases. 
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19. The means deflned in claim 18 but where- 
in the strain gauge is affLXed to the work handler 
instead of the material. 
20. In the art of machining materia!s to 
5 predetermined shapes by reducing the shear 
strength of the material through heating by the 
use of a high frequency induction coil which 
heats portions of the work about tobe removed 
by a cutting tool, means for controlling the ap- 
10 plication of heat comprising a strain gauge 
mounted on one of the elements to provide an 
indication of the strain imposed between the 
cutting tool and the material and means for ef- 
fecting an increase of applied heat fo the ma- 
l5 terial when the strain gauge indicates an 
crease in shear resistance of the material, such 
means comprising a circuit including the strain 
gauge and the heating element. 
20 RICHARD I. 1. WEINGART. 
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